Abstract B037 is of interest because it is both the most luminous and the most highly reddened cluster known in M31. Images of deep observations and of highly spatial resolutions with the Advanced Camera for Surveys on the Hubble Space Telescope (HST) firstly show that this cluster is crossed by a dust lane. Photometric data in the F606W and F814W filters obtained in this paper provide that, colors of (F606W − F814W) in the dust lane are redder ∼ 0.4 mags than ones in the other regions of B037. The HST images show that, this dust lane seems to be contained in B037, not from the M31 disk or the Milky Way. As we know, the formation of dust requires gas with a rather high metallicity. However, B037 has a low metallicity to be [Fe/H] = −1.07 ± 0.20. So, it seems improbable that the observed dust lane is physically associated with B037. It is clear that the origin of this dust lane is worthy of future study. In addition, based on these images, we present the precise variation of ellipticity and position angle, and of surface brightness profile, and determine the structural parameters of B037 by fitting a single-mass isotropic King model. In the F606W filter, we derive the best-fitting scale radius, r 0 = 0.56 ± 0.02 ′′ (= 2.16 ± 0.08 pc), a tidal radius, r t = 8.6±0.4
to as B037, a designation from the Revised Bologna Catalogue (RBC) of M31 GCs and candidates (Galleti et al. 2004 (Galleti et al. , 2006 (Galleti et al. , 2007 , which is the main catalog used in studies of M31 GCs. The extremely red color of B037 was firstly noted by Kron & Mayall (1960) , who suggested that this cluster must be highly reddened. Two years later, Vetesnik (1962a) determined magnitudes of 257 M31 GC candidates including B037 in the U BV photometric system, and then Vetesnik (1962b) studied the intrinsic colors of M31 GCs, and found that B037 was the most highly reddened with E(B−V) = 1.28 in his sample of M31 GC candidates based on the photometric catalog of Vetesnik (1962a) . With low-resolution spectroscopy, Crampton et al. (1985) also found that B037 is the most highly reddened GC candidate in M31 to have E(B−V) = 1.48. Based on a large database of multicolor photometry, Barmby et al. (2000) determined the reddening value for each individual M31 GC including B037 using the correlations between optical and infrared colors and metallicity by defining various "reddening-free" parameters, and the reddening value of B037 is E(B − V) = 1.38 ± 0.02 (which is kindly given us by P. Barmby). Again, Barmby et al. (2002b) derived the reddening value for this cluster to be E(B − V) = 1.30 ± 0.04, using the spectroscopic metallicity to predict the intrinsic colors. Ma et al. (2006a) also determine the reddening of B037 by comparing independently obtained multicolor photometry with theoretical stellar population synthesis models to be E(B − V) = 1.360 ± 0.013, which is in good agreement with the other results. Following the methods of Barmby et al. (2000) , Fan et al. (2008) (re-)determined reddening values for 443 clusters and cluster candidates including B037, and the redding value of B037 obtained by Fan et al. (2008) is E(B − V) = 1.21 ± 0.03, which is a little smaller than the previous determinations.
The brightest GCs in M31 are more luminous than the most brightest Galactic cluster, ω Centauri. Among these are B037 (van den Bergh, 1968) and G1 (see details from Barmby et al., 2002b) . These two clusters are both considered as the possible remnant core of a former dwarf galaxy which lost most of its envelope through tidal interactions with M31 (Meylan & Heggie, 1997; Meylan et al., 2001; Mackey & van den Bergh, 2005; Ma et al., 2006b Ma et al., , 2007 .
In this paper, we will present the photometric data of B037 using its deep images obtained with the Advanced Camera for Survey (ACS) on the HST. The deep images of highly spatial resolutions showed that this cluster is crossed by a dust lane. Our results provide that colors of F814W−F606W in the dust lane are redder ∼ 0.4 mags than ones of the other regions. In addition, we studied structures of B037 in detail based on these images.
OBSERVATIONS AND DATA REDUCTION

HST images of B037
We searched the HST archive and found B037 to have been observed with the ACS-Wide Field Channel (WFC) in the F606W and the F814W filters, which were observed on 2004 August 2 and on 2004 July 4, respectively. The exposure time is 2370.0 seconds for both bands. The HST ACS-WFC resolution is 0.05 ′′ per pixel. The images in F606W and F814W both show that B037 is crossed by a dust lane. Fig. 1 clearly shows the dust lane, which crosses B037. If the dust lane is true, its color should be different from ones of the other regions.
If not otherwise stated, the magnitudes are always on the VEGAMAG scale as defined by Sirianni et al. (2005) . The relevant zero-point for this system is 26.398 and 25.501 for WFC F606W and WFC F814W, respectively. A distance to M31 of 780 kpc (1 ′′ subtends 3.85 pc) is adopted in this paper.
Color difference between the dust lane and the other regions
In order to study whether the color difference between the dust lane and the other regions in B037 exists, we select nine points, three of which (No. 7, 8 and 9) are located in the dust lane, the other six are randomly located in the other regions (see Figure 2 ). For each sample point, the PHOT routine in DAOPHOT (Stetson, 1987 ) is used to obtain magnitude. We adopt an aperture of a diameter of 4 pixels. The photometric data for these nine sample points are given in Table 1 , in conjunction with the 1σ magnitude uncertainties from daophot. Column 4 gives the color of (F606W − F814W). From Table 1 , we can see that colors of (F606W − F814W) in the dust lane are redder ∼ 0.4 mags than ones of the other regions. 
Surface brightness profiles
We used the iraf task ellipse to obtain F606W and F814W surface brightness profiles for B037. B037 center position was fixed at a value derived by object locator of ellipse task, however an initial center position was determined by centroiding. Elliptical isophotes were fitted to the data, with no sigma clipping. We ran two passes of ellipse task, the first pass was run in the usual way, with ellipticity and position angle allowed to vary with the isophote semimajor axis. In the second pass, surface brightness profiles on fixed, zeroellipticity isophotes were measured, since we choose to fit circular models for the intrinsic cluster structure and the point spread function (PSF) as Barmby et al. (2007) did (see §2.4 for details). The background value was derived as the mean of a region of 100 × 100 pixels in "empty" areas far away from the cluster. Tables 2 and 3 give the ellipticity, ǫ = 1 − b/a, and the position angle (P.A.) as a function of the semimajor axis length, a, from the center of annulus in the F606W and F814W filter bands, respectively. These observables have also been plotted in Figures 3 and 4 , respectively; the errors were generated by the iraf task ellipse, in which the ellipticity errors are obtained from the internal errors in the harmonic fit, after removal of the first and second fitted harmonics. From Table 3 , and Figs. 3 and 4, we can see that, the values of ellipticity and position angle cannot be obtained within 0.1448 ′′ in the F814W filter because of very high ellipticity (> 1.0). Ma et al. (2006b) analyzed the same F606W image of B037 used here, fitting a King (1962) model to a surface brightness profile made from a PSF-deconvolved image. They also plotted the distributions of ellipticity and the position angle as a function of the semi-major axis length. Comparison of Fig. 2 of Ma et al. (2006b) and Figs. 3 and 4 shows that, the general trend of the cluster's ellipticity as a function of semimajor axis radius is similar between Ma et al. (2006b) and the present paper. The comparison also shows that uncertainties in the exact value of the PA are only of secondary importance for the general trend in ellipticity observed, given that the PA determination between Ma et al. (2006b) and the present paper differs somewhat greatly. There are a number of possible reasons for the offsets in PA observed between these two studies. The main reason is that, Ma et al. (2006b) used the PSF-deconvolved image. Other reasons include those related to the positions of the centering of isophotes and the different geometrical parameters set when fitting. In addition, Fig. 3 shows that the ellipticity varies significantly with position along the semimajor axis radius, especially smaller than 0.5 ′′ . In the F814W filter band, the ellipticity is larger than 1.0 along the semimajor axis radius smaller than 0.1448 ′′ .
Ellipticity and position angle
Point spread function
At a distance of 780 kpc, the ACS/WFC has a scale of 0.05 arcsec = 0.19 pc pixel −1 , and thus M31 clusters are clearly resolved with it. Their observed core structures, however, are still affected by the PSF. We chose not to deconvolve the data, instead fitting structural models after convolving them with a simple analytic description of the PSF as Barmby et al. (2007) did. To estimate the PSF for the WFC, Barmby et al. (2007) used the iraf task ellipse with circular symmetry enforced to produce intensity profiles out to radii of about 2 ′′ (40 pixels) for a number of isolated stars on a number of images, and combined them to produce a single, average PSF. This was done separately for the F606W and F814W filters. They originally tried to fit these with simple Moffat profiles (with backgrounds added), but found that a better description was given by a function of the form below. For the combination of the WFC and F606W filter,
which has a full width at half-maximum of FWHM = 0. ′′ 125, or about 2.5 px; for the combination of the WFC and F814W filter,
which has a full width at half-maximum of FWHM = 0. ′′ 145, or about 2.9 px. In addition, since this PSF formula is radially symmetric and the models of King (1966) we fit are intrinsically spherical, the convolved models to be fitted to the data are also circularly symmetric. 
Extinction
When we fit models to the brightness profiles of B037, we will correct the inferred magnitude parameters for extinction. The reddening law from Cardelli et al. (1989) is employed in this paper. The effective wavelengths of the ACS F606W and F814W filters are λ eff = 5918 and 8060 Å (Sirianni et al., 2005) , so that from Cardelli et al. (1989) Barmby et al. , 2007; McLaughlin et al., 2008 , for details). The reddening value of E(B − V) = 1.360 ± 0.013 from Ma et al. (2006a) is adopted in this paper.
Magnitudes of B037 in F606W and F814W filters
We derived the total flux of B037 in F606W and F814W filter bands using the iraf task phot in dapphot as below: measuring aperture magnitudes in concentric apertures with an interval of 0.1 ′′ , drawing magnitude growth curves, and paying attention to where the flux does not increase. At last, we obtained the magnitudes of B037 in F606W and F814W to be 16.21 ± 0.010 and 14.16 ± 0.006, respectively. In the photometry, we derived the background value as the mean of a region far away from the cluster (see §2.3 for details). We use VEGAMAG photometric system. In order to allow a meaningful comparison with the previous ground-based broad-band photometry of Barmby et al. (2000) , we transformed the magnitudes from the ACS system to the standard broad-band photometric system by following the transformation equations and coefficients of Table 22 of Sirianni et al. (2005) . The results are m V (ACS) = 16.83 (this paper) versus m V = 16.82 (Barmby et al., 2000) , and m I (ACS) = 14.15 (this paper) versus m I = 14.16 (Barmby et al., 2000) . Our results are in good agreement with Barmby et al. (2000) . 
MODELS AND FITS
Structural models
After elliptical galaxies, GCs are the best understood and most thoroughly modelled class of stellar systems. For example, a large majority of the ∼ 150 Galactic GCs have been fitted by the simple models of singlemass, isotropic, lowered isothermal spheres developed by Michie (1963) and King (1966) (hereafter "King models"), yielding comprehensive catalogs of cluster structural parameters and physical properties (see McLaughlin & van der Marel, 2005 , and references therein). For extragalactic GCs, HST imaging data have been used to fit King models to a large number of GCs in M31 (e.g., Barmby et al., 2002a; Barmby et al. , 2007 , and references therein), in M33 (Larsen et al., 2002) , and in NGC 5128 (e.g., Harris et al., 2002; McLaughlin et al., 2008 , and references therein). In this paper, we fit the usual King models to the density profile of B037 observed with ACS/WFC.
Observed data
Tables 4 and 5 list the surface brightness, µ, of B037, and its integrated magnitude, m, as a function of radius in the F606W and F814W filters, respectively. The errors in the surface brightness were also generated by the iraf task ellipse, in which they are obtained directly from the root mean square scatter of the intensity data along the zero-ellipticity isophotes. In addition, the surface photometries at radii where the ellipticity and position angle cannot be measured, are obtained based on the last ellipticity and position angle as the iraf task ellipse is designed. 
Fits
Our fitting procedure involves computing in full large numbers of King structural models, spanning a wide range of fixed values of the appropriate shape parameter W 0 (see McLaughlin & van der Marel, 2005, in detail) . And then the models are convolved with the ACS/WFC PSF for the F606W and F814W filters of equations of (1) and (2):
where I mod ≡ I mod /I 0 ; and I PSF is the PSF profile normalized to unit total luminosity (see McLaughlin et al., 2008, in detail) . We changed the luminosity density to surface brightness µ * mod = −2.5 log [ I * mod ] before fitting them to the observed surface-brightness profile of B037, µ = µ 0 − 2.5 log [I(R/r 0 )/I 0 ], finding the radial scale r 0 and central surface brightness µ 0 which minimize χ 2 for every given value of W 0 . The (W 0 , r 0 , µ 0 ) combination that yields the global minimum χ 2 min over the grid used defines the best-fit model of that type:
Detailed study of B327 based on HST images 9 in which σ i is the error in the surface brightness. Estimates of the one-sigma uncertainties on these basic fit parameters follow from their extreme values over the subgrid of fits with χ 2 /ν ≤ χ 2 min /ν + 1, here ν is the number of free parameters. Figure 5 shows our best King fits to B037. In Fig. 5 , open squares are ellipse data points included in the least-squares model fitting, and the asterisks are points not used to constrain the fit. These observed data points shown by asterisks are included in the radius of R < 2 pixels = 0.
′′ 1, and the isophotal intensity is dependent on its neighbors. As Barmby et al. (2007) pointed out that, the ellipse output contains brightnesses for 15 radii inside 2 pixel, but they are all measured from the same 13 central pixels and are not statistically independent. So, to avoid excessive weighting of the central regions of B037 in the fits, we only used intensities at radii R min , R min + (0.5, 1.0, 2.0 pixels), or R > 2.5 pixels as Barmby et al. (2007) used. Table 6 summarizes the results obtained in this paper. Ma et al. (2006b) analyzed the same F606W image of B037 used here, fitting a King (1962) model to a surface brightness profile derived from a PSF-deconvolved image. They derived the scale radius r 0 = 0.
Comparison to previous results
′′ 72 (it is called the core radius in Ma et al. (2006b) ), half-light radius r h = 1.
′′ 11, concentration index c = 0.91, and central surface brightness µ(0) = 17.21 mag arcsec −2 (using the value for extinction adopted in this paper, this becomes µ 0 = 13.40 mag arcsec −2 ). Comparing the results of Ma et al. (2006b) with Table 6 of this paper, we find that our model fits produce a somewhat higher concentration and smaller scale radius. These differences come from: (i) using different models (King (1962) vs King (1966) ), (ii) the observed data are obtained with different ways. In (ii), Ma et al. (2006b) derived the surface brightness profile from a PSF-deconvolved image; in addition, Ma et al. (2006b) derived the surface brightness profile with ellipticity and position angle allowed to vary with the isophote semimajor axis, however, in this paper, we derived the surface brightness profile on fixed, zero-ellipticity isophotes, since we choose to fit circular models for the intrinsic cluster structure and the PSF as Barmby et al. (2007) did (see §2.4 for details). In fact, from Fig. 5 of this paper and Fig. 3 of Ma et al. (2006b) , we can see that, the observed data are somewhat different between Ma et al. (2006b) and this paper. Barmby et al. (2007) analyzed the same F606W and F814W images of B037 used here with nearly the same observed data and method. The results of comparison are listed in Table 7 (Table 5 of Barmby et al. (2007) in the electronic edition did not list the results of B037 in the F814W filter.), from which we can see that the results obtained in this paper are in good agreement with ones of Barmby et al. (2007) (about the central surface brightnesses, we have corrected them using the value for extinction adopted in this paper).
DISCUSSION AND SUMMARY
As discussed in §3.1, it is impossible that the dust lane comes from the Milky Way. Another possibility is that the dust lane is contained in B037 itself. As we know, the formation of dust requires gas with a rather high metallicity. Perrett et al. (2002) presented metallicities for more than 200 GCs in M31 including B037, using the Wide Field Fibre Optic Spectrograph at the 4.2 m William Herschel Telescope in La Palma, Canary Islands, which provides a total spectral coverage of ∼ 3700-5600 Å with two gratings. One grating (H2400B 2400 line) yielded a dispersion of 0.8 Å pixel −1 and a spectral resolution of 2.5 Å over the range 3700-4500 Å covering the CN feature at 3883 Å, the H and K lines of calcium, Hδ, the CH G band and the 4000 Å continuum break, and the other grating (R1200R 1200 line) presented a dispersion of 1.5 Å pixel the Mg b triplet, and two iron lines near 5300 Å. Then, Perrett et al. (2002) calculated 12 absorption-line indices based on the prescription of Brodie & Huchra (1990) . By the comparison of the line indices with the published M31 GC [Fe/H] values from the previous literature Brodie & Huchra, 1990; Barmby et al., 2000) , the results of linear fits were obtained. In this paper, using the images of deep observations and of highly spatial resolutions with the ACS/HST, we firstly present that the GC B037 in M31 is crossed by a dust lane. Photometric data in the F606W and F814W bands provide that, colors of (F606W − F814W) in the dust lane are redder ∼ 0.4 mags than ones in the other regions of B037. From the HST images, this dust lane seems to be contained in B037, not from the Milky Way. However, the formation of dust requires gas with a rather high metallicity. So, it seems impossible that the observed dust lane is physically associated with B037 itself, which has a low metallicity to be [Fe/H] = −1.07 ± 0.20 from Perrett et al. (2002) . So, that the observed dust lane in the view of B037 is from B037 itself or from the Milky Way needs to be confirmed in the future. In addition, based on these images, we present the precise variation of ellipticity and position angle, and of surface brightness profile, and determine the structural parameters of B037 by fitting a single-mass isotropic King model.
